Fluid Heating 

Related Application 

This application is based upon and incorporates all of the disclosure, exhibits, and 
5 claims, of Provisional Application Serial Number 60/1 84, 146 filed February 22, 2000, 
and claims the benefit if its filing date. 

Technical Field 

10 This invention relates generally to heat transfer and the heating of fluids through the 
use of a heat transfer medium which is a solution comprising an effective amount of 
potassium formate, optionally with ammonium or an alkali metal formate other than 
potassium, and further optionally together with an alkali metal or ammonium acetate 
and/or other additives. In particular, such heat transfer solutions are used where the 

15 material to be heated is not in direct contact with the heat transfer solution. It also 
relates specifically to the use of such solutions in line heaters for heating natural gas in 
natural gas transmission lines, and for similar uses. 

Background of the Invention 

20 

In the past, various fluids have been used as heat exchange media for heating other 
fluids such as air, water and natural gas. At present, probably the type of heat 
exchange medium most commonly used in gas transmission lines, for example, is a 
glycol such as ethylene glycol, diethylene glycol, triethylene glycol, or a mixture of 
25 them. These are favored because they not only have good heat exchange properties 
but also have low freezing points and/or can depress the freezing points of mixtures 
with water. A low freezing point is desirable during periods when the heat exchange 
fluid is idle, or it leaks, is outdoors in storage, or it is removed from the system for any 
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reason. At present, ethylene glycol (EG) is probably the heat exchange fluid most 
commonly used in heaters for the natural gas in gas transmission lines. Such heaters 
are most commonly called line heaters. 



Prior to the present invention, line heaters have been placed between compressing 
stations on gas transmission lines. Heating the gas in remote locations on a gas 
transmission line and/or between compression stations has more than one beneficial 
effect. First, the heater assists in moving the gas through successive pumping or 
compression stations by adding energy to it, reducing the density, and utilizing the 
tendency to expand to assist in the forwarding of the gas from station to station. 
Second, heating minimizes the tendency of moisture to condense from the gas on 
cooling. Liquid moisture in the pipeline is undesirable not only because it can 
facilitate corrosion but also because it can freeze and sometimes cause blockages or 
resistance to flow. 



Exemplary line heaters are known in the art and are described in "Gas Conditioning 
and Processing - The Equipment Modules", pages 82-86, originally attached as 
Exhibit A as part of Provisional Application SN 60/1 84,146. The line heaters employ 
coils, tubes, or other means for segregating the heat exchange fluid from the natural 
gas, and may be either direct fired or indirect fired. We prefer to use indirect fired 
line heaters, in which a source of heat such as a firetube is held within a vessel also 
including a coil and/or tubes for circulating the natural gas to be heated. The heat 
transfer fluid occupies a substantial volume in the vessel. After it is heated by the 
firetube in the heat exchange fluid heating zone, the heat exchange fluid is transported 
to a gas heating zone, where the coil and tubes are heated containing the circulating 
gas. The tubes can be substantially horizontal, radial, or any other configuration for 
efficient heat transfer, and may be made from various materials generally chosen for 
their heat exchange properties, as is known in the art. Figure 1, based on Exhibits B 



and C of Provisional Application SN 60/184,146, depicts a common design for an 
indirect heater as known in the art. 

Alternatively, the heat exchange fluid may be contained within coils, tubes, and/or 
other containers which are usually heated by flame in a heating zone, and circulated 
within the coils, tubes or the like to a natural gas heating zone, where the heated fluid 
gives up its thermal energy to the natural gas. It is not essential that the original (heat 
transfer fluid) heating zone be near the gas heating zone, and in fact the two heating 
zones can be in separate pieces of equipment while the heat transfer fluid is moved 
from one zone to the other. The heat exchange fluid is more or less continuously 
circulated while the heating process is conducted. In other fluid heaters, pumps may 
be used to move the heat energy from its source through the heat exchange fluid to the 
fluid to be heated. 

It is desirable to find an environmentally more acceptable material for the heat 
exchange fluid in line heaters and for other fluid heater applications because, when the 
heat exchange fluid is leaked even in relatively small quantities onto the earth during 
an accident or otherwise, the mishap must be reported to the Environmental Protection 
Agency and/or to other regulatory agencies, and resources must be diverted to 
correcting any problems caused by the leak. 

The reader may be interested in reviewing US Patent 5,104,562 to Kardos et al, which 
describes aqueous combinations of potassium formate and potassium acetate for use as 
cooling compositions. 

Summary of the Invention 

We have found that various solutions of alkali metal formates may be used as the heat 
exchange fluids in line heaters. In particular, we may use compositions as follows: 



1 . Solutions of 1 % to 75% by weight potassium formate in water. 

2. Aqueous solutions described in 1 together with at least one of (a) 0.01% to 
40% by weight ammonium formate or an alkali metal formate other than 

5 potassium formate, or an alkali metal or ammonium acetate (b) an effective 

amount of a compatible corrosion inhibitor, sludge inhibitor, scale inhibitor, 
freeze point depressant or pH regulator. Potassium carbonate and/or 
potassium acetate may be used for their corrosion inhibiting properties; they 
will contribute to the heat transfer capabilities of the solution. In the 
10 preferred potassium formate solution of about 20% to about 50% by weight 

potassium formate, if potassium acetate is included, it is preferred that it not 
2 exceed about 10% by weight, but 0.01%-20% may be used for its heat 

J transfer properties as well as its corrosion inhibiting properties, 

jjj 3. Aqueous solutions as in 1, 2, or 3 also including up to 50 % by weight of a 

!= 15 low molecular weight (up to 6 carbon atoms) glycol. Where glycols are 

jL used, it is preferred to use 0.01% to 50% by weight ethylene or propylene 

W glycol. 

P 4. Solutions as recited in 1, 2, 3, or 4 wherein the alkali metal formate is made 

\a in situ by combining one or more alkali metal hydroxides with formic acid 

20 and/or where the potassium carbonate or potassium acetate for 3 is made in 

situ. 

5. Any of the above solutions may include amounts of alkali metal halides 
calculated to improve the freeze resistance of the combination, that is, to 
lower the freeze point beyond the level of a solution of potassium formate 
25 alone. 



Generally the solutions described above are used as heat transfer media by first 
heating them and then causing the heat so absorbed to be transferred to a fluid such as 
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natural gas to be heated. This may involve heating them in a heat absorption zone, 
moving them to target fluid heating zone, and causing the heat energy in the heat 
transfer medium to be transferred to the target fluid. In this case, the heat transfer 
medium may be pumped or permitted to circulate naturally through convection. 
5 Alternately, the heat transfer medium remains in one place and the target fluid is 
circulated from a relatively cool zone to a relatively hot zone. 

Thus our invention in one aspect is a method of heating a fluid comprising heating a 
solution comprising potassium formate as a heat exchange medium in a solution 

10 heating zone, moving the solution to a fluid heating zone to heat the fluid, and 
recirculating the solution to the solution heating zone. In another aspect, our 
invention is a method of transmitting natural gas in a natural gas pipeline comprising 
compressing the gas for transmission in a first pipeline segment to a line heater, 
receiving the gas in the line heater, heating the gas in the line heater using a solution 

15 comprising potassium formate as a heat exchange medium, and transmitting the gas 
through a second pipeline segment to a compressing station for further transmission. 

Brief Description of the Drawings 

20 Figure 1 is a side sectional view of a simplified prior art line heater. 

Figure 2 is a diagram representing a transverse section of the line heater of Figure 1, 
showing the movement of heat within the line heater. 

25 Figure 3 is a graphic comparison of the thermal conductivities of our heat transfer 
fluid to those of water and certain glycol compositions. 
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Figure 4 graphically compares the kinematic viscosities of a preferred heat transfer 
composition of our invention with certain glycol solutions. 

In Figure 5, a preferred heat transfer fluid of our invention is compared graphically 
5 with glycol compositions and water in terms of specific heat capacities. 

Figure 6 compares heat capacities in terms of volume. 

In Figure 7, several thermophysical factors and coefficients are compared to 
10 demonstrate the relative significance of each in the context of our invention.. 

J Figure 8 compares overall heat transfer in a line heater using different heat transfer 
,2 fluids. 

r zrsr 

fj 1 5 Detailed Description of the Invention 

.mm. 
H : 

fU Heat transfer efficiency is most commonly measured by, among other criteria, an 
01 overall heat transfer coefficient U. In line heaters, in which the transfer of heat is 
U governed by natural convection forces, the important physical parameters may be 
20 expressed as thermal conductivity in BTU's/(hrs-ft 2 )/ft-°F, viscosity, in cP, density, in 
gm/mL, and specific heat capacity in BTU/(lb*°F). Table I shows a comparison of 
these properties in two solutions of our invention as compared to two glycol solutions 
of the prior art: 
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Table 1 



Property 


50% 

propylene 

1 1 

glycol 


50% 
Ethylene 
Glycol in 
water 


50% 

potassium 
formate in 
water 


37% 

potassium 
formate in 
water 


Specific 
gravity, 

gm/cc 


1.046 


1.076 


1.40 


1.28 


Viscosity @ 
40 F, CP 


14.28 


6.77 


2.10 


1.80 


Freeze point, 
°F 


-28 


-29 


-55 


-50 


Thermal 
conductivity 


@60F 0.208 
@120F 0.217 


@60F 0.218 
@120F 0.230 


@60F 0.26 
@120F 0.28 


@60F 0.28 
@120F 0.30 


Specific heat 
capacity 


@60F 0.840 
@120F 0.871 


@ 60F 0.780 
@120F 0.811 


@60F 0.596 
@120F 0.610 


@60F 0.734 
@120F 0.765 


Volume 
expansion, 
40°F to 
180°F,%by 
volume 


5.0 


4.62 


3.24 


3.13 



While the potassium formate solutions are roughly equivalent to the glycol solutions 
in terms of specific heat capacity, they are clearly superior to the glycol solutions, for 
heat exchange efficiency, in all of the other above properties. In addition, they are far 
more environmentally acceptable than the glycols. 

Referring now to Figure 1, a typical line heater as used in a natural gas transmission 
line is shown in side section as adapted from Exhibit B of our Provisional Application 
SN 60/184,146. The line heater comprises a shell 1 which may contain an insulation 
layer 2. Shell 1 forms an enclosure for heat exchange fluid 3, which substantially fills 
the enclosure. Near the bottom of shell 1 is a firetube 4, kept hot by burner 5, which is 
fed by fuel gas line 6. Fuel gas in line 6 may be equipped with a fuel gas scrubber, not 



shown, and various valves and regulators known in the art. Stack 7 assures good 
combustion and directs combustion products to vent 8, which may be fitted with 
emission treating apparatus not shown. Also within the enclosure formed by shell 1 is 
a coil 9, which may comprise elongated parallel tubes 10, having an inlet 11 and an 
5 outlet 12. The gas to be heated is passed into the inlet 11 from the gas transmission 
system not shown through the tubes 10 and coil 9, where it is heated by the heat 
exchange fluid 3. From outlet 12, the heated gas is returned to the gas transmission 
system or pipeline not shown. As is known in the art, the illustrated line heater works 
at least partly by convection - that is, the heat exchange fluid 3 is circulated without a 
10 pump, since the fluid 3 heated by firetube 4 rises within shell 1, contacts the relatively 
cool coil 9 and tubes 10, which absorb heat from the fluid 3, heating the gas in the 
J tubes 10 and coil 9, and then tends to descend within shell 1, thus circulating within 
J shell 1. Temperature, pressures and flows may be regulated as is known in the art. 
2 Shell 1 may be provided with drain 13, fill opening 14 and/or vent 15 for maintenance 
JjJ 15 and/or replenishing the heat exchange fluid. When prior art heat exchange fluids are 
!L used on such line heaters, they may cause troublesome contamination of the earth, 
[y through leakage and otherwise. Our heat exchange fluid is far less problematic than 
m prior art fluids but operates in substantially the same manner with, however, greater 
j* efficiency as will be seen in the data presented herein. We are not limited to its use in 
20 the particular illustrated line heater, which is a type of indirect line heater, but may use 
our heat exchange fluid in any gas heater in which fluid is heated in a fluid heating 
zone, moved to a gas heating zone, and circulated back to the fluid heating zone. 

A more detailed analysis and explanation of our invention will benefit from a review 
25 of the physics of heat transfer in line heaters. 



Heat Transfer Equations. The transfer of heat in line heaters occurs by both 
conduction and convection pathways. A third type of heat transfer, radiation, is 
minimal in these systems and is not discussed. 



5 The overall heat flow, Q tot , is simply the sum of the individual heat transfer 
contributions at the various interfaces (solid/liquid) and across the liquid volume in the 
heater, as shown in Figure 2 and described in Equation (1). 

Qtot = Qi + Q 2 + Q 3 +Q 4 + Q 5 (1) 

As seen in Figure 2, showing a cross section of a fire tube 4 and a symbolic parallel 
10 tube 10, Qi is the heat flow between the fire and fire tube 4, Q 2 is the flow between the 
O fire tube 4 and the fluid near the fire tube 4 , Q 3 the flow across the bulk fluid, Q 4 
Q between the fluid and the process coil (parallel tube 10), and Q 5 is the heat moved 
g from the process coil to the process stream, usually gas. Q] and Q 5 are virtually 
[7 independent of fluid type, as they are a function of the design of the heat source, fire 
^15 tube, process coil design, and flow rate of the gas. Q 2 , Q 3 and Q 4 are related to fluid 
y properties, with Q 2 and Q 4 transferring heat by both conduction and convection, and 
Q 3 moving heat largely by conduction. 

2 Conduction. The conduction contribution to heat transfer is defined by Equation 

(2), 

20 Q conduction = -kA(AT/AX) (2) 

Where k is the thermal conductivity, A is the surface area, T is the temperature, and X 
is the distance over which the heat is transferred. Since X and A are determined by 
the design of the line heater, and AT is largely fixed by the nature of the process, the 
conductive heat transfer is therefore affected primarily by the thermal conductivity of 
25 the heat transfer fluid. 
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Convection. The contribution of the convection process in heat transfer is 
significant mainly at the interfaces between the fluid system and the metal fire tube 
and process coil, on the hot and cold sides, respectively. 

Convection heat transfer between the fire tube and the heat transfer fluid, and between 
5 the fluid and process coil is defined by Newton's Law of Cooling, Equation 3, 

Qconvection = hAAT (3) 

Where A is the surface area, AT is the temperature difference between the metal 
surface and the bulk liquid temperature, and h is a constant of proportionality, called 
the convection heat transfer coefficient, or commonly the film coefficient. The value 

10 of h is determined by a fluid's physical and thermophysical properties. 

Film Coefficients. The value of h for any system can be determined experimentally 
by measuring the flow of heat across the system, and using known values for the 
temperature difference and surface area, but the contribution from a specific heat 
transfer interface can be difficult to separate from the overall heat transfer process. 

15 The film coefficient h can also be calculated using accepted relationships between a 
number of thermophysical parameters that describe free or natural convection, 
Equation (4), 

Nu-c(Gr*Pr) y (4) 

Where Nu, Gr, and Pr are the Nusselt, Grashof, and Prandtl numbers, respectively. 
20 These are dimensionless numbers that describe the physical phenomena associated 

with convection heat transfer processes. The constant c and the power y are values 

associated with the geometry of the system, and with the type of fluid and convection 

process that is occurring. For line heaters using conventional fluids, as we are 

discussing here, c = 0.129 and y = 1/3. 
25 To determine which thermophysical and physical parameters are important in 

comparing different heat transfer fluids, we must look at the component parts of 

Equation (4). 



Nu = (h*L)/k 



(5) 



Gr = (g*p*AT*L 3 )/v 2 



(6) 
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Pr = (C p *n)/k =(C p *p*v)/k (7) 

Where h = film coefficient, BTU/hr*ft 2 *°F 

L = characteristic length, ft (the distance the heat travels), ft 



k = thermal conductivity, BTU/(hr*ft 2 )(°F/ft) 

g = acceleration of gravity, ft/hr 2 

p = thermal expansion coefficient, 1/°F 

(i = viscosity, lb/(ft*hr) 

v = kinematic viscosity, ft 2 /hr 



f! C p = specific heat capacity at a constant pressure 

U p = density, lb/ft 3 

f7 Since Nu, Gr, and Pr are dimensionless, any internally consistent set of units can be 

W used. Solving for the film coefficient h, and assuming that the characteristic length, L, 

0 1 5 is 1 , results in Equation (8), 



Relative values of h, therefore, can be calculated in order to compare different heat 
transfer fluids under different conditions. 

20 Comparison of Thermophysical Properties 

The following sections compare the heat transfer fluids used in our invention, 
containing 37% by weight potassium formate, with both ethylene and propylene 
glycol in a number of different properties. A sensitivity analysis of the film 
coefficient equation (8), using the temperature range from 60°F to 180°F, typical 
25 operating conditions for line heaters, shows that the thermophysical parameters below 



h = 0.129k{(g*p*AT*C p *p)/(v*k)} 



1/3 



(8) 



are listed in their approximate importance to heat transfer in line heaters under typical 
operating conditions. 

Thermal Conductivity. This parameter is a measure of the ability of a substance to 
5 transfer heat through molecular transfer of energy. Conduction is the only mechanism 
for transferring heat through a solid material. When liquids are involved, the thermal 
conductivity is important in both conduction and convection heat transfer pathways, 
and is the most significant factor when comparing different fluid systems. Higher 
thermal conductivity values greatly increase heat transfer by both conduction and 
1 0 convection mechanisms. 

Figure 3 shows the thermal conductivities at different temperatures for the fluids 
being considered. Water has the highest k value, the novel heat transfer fluid is 
slightly lower, and the glycol solutions are much lower. The significant improvement 
15 in thermal conductivity of our novel heat transfer fluid explains much of the expected 
increase in heat transfer over glycol fluids. 

Kinematic Viscosity. The viscosity of a fluid determines its resistance to flow, and is 
most important on the lower temperature (cold) side of a heat transfer interface. A 
20 more viscous fluid is less able to move from the hot to the cold side, and therefore 
transfers heat more slowly by the convection process. 

Figure 4 compares the kinematic viscosities of the potassium formate heat transfer 
fluid of our invention with 50% solutions of ethylene or propylene glycol, and also 
25 with water. At higher temperatures, all the fluids have similar and fairly low 
viscosities. At temperatures below about 80°F, the glycol solutions rapidly increase 
in viscosity, and the differences increase further at lower temperatures. These higher 
viscosities restrict convection heat transfer in the glycols, particularly on the cold or 
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process side of the line heater coil. Our heat transfer fluid has consistently low 
viscosities, even at the lower temperatures. 

Specific Heat Capacity, C p . This parameter relates to a fluid's ability to "store" heat, 
5 and is defined in terms of energy per unit mass per degree temperature (BTU/lb.*°F). 
A higher specific heat capacity increases the amount of heat a fluid carries as it 
transfers heat in the convection process. Figure 5 shows the heat capacities of the 
various heat transfer fluids. Water has the highest heat capacity of the fluids 
compared, followed by the glycol solutions, and then by the new heat transfer fluid 
10 containing potassium formate. This would indicate better heat transfer for the glycols 
than our new heat transfer fluid on a per mass basis. 

Line heaters, and most other enclosed heat transfer equipment, have a fixed volume of 
fluid, and so a more apt comparison would be on a volumetric heat capacity, defined 

15 as C p times the density. This converts the heat capacity per unit mass to one per unit 
volume. When the densities of the various fluids are factored in, the relative positions 
of the fluids change, and our heat transfer fluid has values similar to that of water, and 
superior to the glycol solutions, as illustrated in Figure 6. The specific heat capacity 
on a mass basis is used in the film coefficient equation, but it is multiplied by the 

20 density (Equation 8), so this comparison is valid, and demonstrates the superiority of 
our heat transfer fluid in this area. 

Thermal Expansion. One of the driving forces in convective heat transfer is the 
density difference caused by expansion of the fluid with increasing temperature. This 
25 expansion causes colder fluids to have a lower density than warmer fluids. When 
acted on by the force of gravity, colder fluids tend to fall and warmer ones to rise. 
This motion of the fluid permits convection heat exchange to occur. Higher thermal 
expansion values increase heat transfer. 
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The degree of thermal expansion is defined by the expansion coefficient, |3, in units of 
1/T. Glycols have higher expansion coefficients, on the order of 3.5x1 (TVf, than our 
potassium formate containing fluids (approximately 2.5xlO" 4 /°F), and water has the 

5 lowest value in the series (approximately 2.1xlO" 4 /°F). This favors the glycols 
slightly, though expansion coefficients that are too high can require large expansion 
tanks on the line heater to compensate for fluid expansion under changing 
temperatures. Because thermal expansion is one of the least significant parameters in 
determining the film coefficient, the advantage of glycols over the new heat transfer 

1 0 fluid here is minimized. 

Properties Comparison. Our new potassium formate heat transfer fluid has 30-37% 
better thermal conductivity and 57-76% lower viscosity when compared with 50% 
ethylene and propylene glycol solutions, respectively. The glycols have a 6-13% 

15 advantage in specific heat and 26-34% better thermal expansion coefficients; Figure 
7. In order to determine how these differences affect the film coefficient, we have 
chosen the example of a line heater operating at 180°F bath temperature, with the 
process coil at a temperature of 60°F. When the individual thermophysical and other 
properties are used in the film coefficient equation (8), we can make an overall 

20 comparison between our heat transfer fluid, and ethylene and propylene glycol 
solutions, illustrated in the top bar in Figure 7. Because of the greater importance of 
thermal conductivity and kinematic viscosity in the film coefficient, the potassium 
formate heat transfer fluid improves the heat transfer efficiency in this example by 
49% over the ethylene glycol solution, and by 78% over the propylene glycol solution. 

25 Though this comparison shows the clear advantage that the new heat transfer fluid has 
over the glycols in heat transfer, it is important to note that the overall heat transfer 
capability of a system depends on a number of factors; see Equation (1). While the 
cold side film coefficient may be one of the more significant parts of the heat transfer 
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equation, we expect the overall advantage of our heat transfer fluid might be 
somewhat less in field conditions than indicated, though still significant. 

Thermophvsical Properties of Potassium Acetate and Potassium Formate Solutions 
5 Five water solutions of potassium acetate and seven solutions of potassium formate 
were made for thermal conductivity and specific heat determination. A heated probe 
technique was used for thermal conductivity measurement. Specific heat (C p ) values 
were measured using a differential scanning calorimeter. 

10 In the heated probe method, which may be considered as a variant of the line source 
method, the line source and temperature sensor are combined in one small diameter 
probe. This probe is inserted into the sample and the heater turned on for a preselected 
time interval. During this time interval, the rate of heating of the probe is measured. 
This heating rate quickly becomes semi-logarithmic and from this semi-logarithmic 

15 rate the thermal conductivity of the sample is calculated.. The data are collected by a 
computer-based digital data acquisition system and the heating rate displayed visually. 
The slope of the temperature curve versus In time is chosen using cursors and the 
conductivity calculated is based on this portion of the curve. The method is traceable 
to AST Standard D5334-92. 

20 

Specific heat is measured using a standard Perkin-Elmer Model DSC-2 Differential 
Scanning Calorimieter with sapphire as the reference material. This instrument was 
calibrated using lead as the standard. The ASTM testing procedure followed was 
El 269. The standard and sample were subjected to the same heat flux as a blank and 
25 the differential powers required to heat the sample and standard at the same rate were 
determined using the digital data acquisition system. From the masses of the sapphire 
standard and sample, the differential power, and the known specific heat of sapphire, 
the specific heat of the sample is computed. The experimental data are visually 
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displayed as the experiment progresses. All measured quantities are directly traceable 
to NIST standards. 

The specific heat and thermal conductivity results are shown in Tables 2 and 3 for 
5 various concentrations of the potassium formate and potassium acetate solutions 
tested. 

Table 2 - Specific Heat Results 





Potassium 


















Acetate 


















Temperature 


Specific Hi 
(J/gm/K 


eat 








C 


10% 


20% 


30% 


40% 


50% 






s II 


23 


3.97 


3.61 


3.35 


3.11 


2.97 






".ssr 


30 


4.00 


3.69 


3.46 


3.17 


3.08 








35 


4.03 


3.74 


3.53 


3.23 


3.12 






yj 


40 


4.04 


3.78 


3.58 


3.29 


3.17 








45 


4.04 


3.81 


3.64 


3.33 


3.22 






In 


50 


4.05 


3.85 


3.68 


3.37 


3.25 






Si 


55 


4.06 


3.88 


3.72 


3.41 


3.28 








60 


4.08 


3.90 


3.74 


3.44 


3.31 


























Potassium 


















Formate 


















Temperature 


Specific Heat 
(J/gm/K) 




C 


10% 


20% 


30% 


40% 


50% 


60% 


70% 




23 


3.92 


3.69 


3.19 


2.91 


2.64 


2.47 


2.29 




30 


3.98 


3.75 


3.23 


2.96 


2.71 


2.53 


2.36 




35 


4.00 


3.79 


3.26 


3.00 


2.74 


2.54 


2.40 




40 


4.03 


3.82 


3.29 


3.02 


2.78 


2.57 


2.43 




45 


4.05 


3.86 


3.31 


3.04 


2.81 


2.60 


2.47 




50 


4.08 


3.88 


3.34 


3.06 


2.84 


2.61 


2.49 




55 


4.09 


3.91 


3.36 


3.08 


2.87 


2.63 


2.51 




60 


4.10 


3.93 


3.38 


3.09 


2.89 


2.65 


2.53 



10 

Table 3 shows thermal conductivity as a function of concentration 
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Table 3. Thermal Conductivity 
Results 






























Potassium 
Acetate 


















Temperature 


Thermal Conductivity 
(mW/cm/K) 






C 


0% 


10% 


20% 


30% 


40% 


50% 






25 


6.000 


5.795 


5.460 


5.030 


4.522 


4.167 






67 


6.600 


6.273 


5.861 


5.376 


4.891 


4.576 
























Potassium 
Formate 


















Temperature 


Thermal Conductivity 
(mW/cm/K) 


C 


0% 


10% 


20% 


30% 


40% 


50% 


60% 


70% 


25 


6.000 


5.904 


5.588 


5.167 


4.835 


4.521 


4.415 


4.307 


67 


6.600 


6.366 


5.988 


5.670 


5.045 


4.691 


4.451 


4.400 



In addition to the thermophysical properties that provide an improved heat transfer 
5 performance for the invention, there are advantages that arise from operational, or use 
and handling, features. In the field operation of line heaters or other heat transfer 
systems, (a) freeze points, particularly in very cold climates, (b) pH and skin contact 
effects for the human handling issues, (c) volatility/boiling points, for reduction of 
emissions, and (d) the ability to operate heaters at higher temperatures are all 
10 advantages to our invention. 

Operational Considerations 

While heat transfer characteristics are a significant factor in evaluating fluids for line 
heaters, they are not the only consideration. Any fluid used in these systems must 
15 have favorable operational and handling properties. The ability to remain stable under 
a wide temperature range, keep corrosion low for an extended period of time, and 



17 



permit maintenance additions of some of the product components, if necessary, is vital 
for a fluid to be accepted as a viable heat transfer product. 

Freeze Points. Heaters are sometimes taken out of service even in the winter high use 
5 months, for servicing or other reasons. The heat transfer fluid could then reach lower 
temperatures than normal use, down to -40°F or lower in northern U.S. or Canadian 
climates. 50% ethylene glycol and propylene glycol solutions have freeze points of 
approximately -29°F and -28°F, respectively. Higher glycol concentrations lower the 
freeze point more, though at the cost of increasing viscosity significantly, which 
10 negatively affects heat transfer. Our new potassium formate fluid has a freeze point at 
normal use concentration of -45°F, and can be formulated to remain liquid down to - 
S 75°F without a significant effect on heat transfer efficiency. 

p* r Maintenance. Over a period of time, thermal fluids can suffer loss of inhibitor, or pH 
15 drift that can negatively affect performance. In order to improve economics, it is 
* L preferable to be able to restore a fluid's effectiveness, rather than replace it with new 
IU fluid. Glycol-based systems permit maintenance to some degree, if they do not 
m become too badly fouled or contaminated. Our new heat transfer fluid is preferably 
u buffered to maintain pH in a favorable range, and can also be maintained by adding 
20 additional pH control products or corrosion inhibitor concentrate. 

While we may use solutions of from 1% to 75% by weight potassium formate, we 
prefer to use solutions of 5% to 70%, and most preferably solutions of 20% to 50% 
potassium formate for most heating applications. Solution-treating additives (for 
25 corrosion inhibiting, scale prevention, and the like) which may be used include nonyl 
phenol ethoxylates, alkali metal carbonates, nitrates, and phosphates, alkyl amines, 
carboxylic acids, polycarboxylic acids, alkyl ureas, quaternary amine compounds, 
glycols and polyglycols. 
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